Shigella spp are Gram-negative, anaerobic facultative, non-motile, and non-sporulated bacilli of the Enterobacteriaceae family responsible for "Shigellosis" or bacillary dysentery, an important cause of worldwide morbidity and mortality. However, despite this, there are very few epidemiological studies about this bacterium in Brazil. We studied the antibiotic resistance profiles and the clonal structure of 60 Shigella strains (30 S. flexneri and 30 S. sonnei) isolated from shigellosis cases in different cities within the metropolitan area of Campinas, State of São Paulo, Brazil. We used the following well-characterized molecular techniques: enterobacterial repetitive intergenic consensus, repetitive extragenic palindromic, and double-repetitive element-polymerase chain reaction to characterize the bacteria. Also, the antibiotic resistance of the strains was determined by the diffusion disk method. Many strains of S. flexneri and S. sonnei were found to be multiresistant. S. flexneri strains were resistant to ampicillin in 83.3% of cases, chloramphenicol in 70.0%, streptomycin in 86.7%, sulfamethoxazole in 80.0%, and tetracycline in 80.0%, while a smaller number of strains were resistant to cephalothin (3.3%) and sulfazotrim (10.0%). S. sonnei strains were mainly resistant to sulfamethoxazole (100.0%) and tetracycline (96.7%) and, to a lesser extent, to ampicillin (6.7%) and streptomycin (26.7%). Polymerase chain reaction-based typing supported the existence of specific clones responsible for the shigellosis cases in the different cities and there was evidence of transmission between cities. This clonal structure would probably be the result of selection for virulence and resistance phenotypes. These data indicate that the human sanitary conditions of the cities investigated should be improved.
Introduction
Shigella spp are Gram-negative, facultative anaerobic, non-motile, and non-sporulated bacilli belonging to the Enterobacteriaceae family. Additionally, they are cytochrome-oxidase negative, an important feature that differentiates Enterobacteriaceae bacilli from other fermentative and non-fermentative bacilli. They are also able to ferment glucose (1) , reduce nitrates to nitrites, and produce acids from carbohydrates. However, they are unable to produce H 2 S, urease, desaminase, or lysine decarboxylase (2) .
Shigella spp are divided into four groups (or species), namely Shigella flexneri, S. sonnei, S. boydii, and S. dysenteriae. They are responsible for shigellosis or bacillary dysentery, a disease that causes high fever, neurological disturbances, and mucus-pyohemorrhagic dysentery (3) . These bacteria are responsible for morbidity and mortality in high risk populations such as children under five years of age, senior citizens, toddlers in day-care centers, patients in custodial institutions, homosexual men, and those affected by war and famine (4) . Shigellosis is characterized by destruction of the colonic epithelium due to the inflammatory response induced upon bacterial invasion of the mucosa (5) . The worldwide burden of this disease has been estimated to be 150 million cases, with 1 million deaths per year in the developing world (5) .
Virulent Shigella species are characterized by the presence of a virulence plasmid of ≈220 kb and by the ability to invade the epithelial cells of the intestinal mucosa, with further dissemination to other cells. Bacterial entry is a consequence of bacterial factors that induce internalization of Shigella by the host cells (5) . The invasion process is complex and involves three chromosomal and five plasmid loci (3) . The virulence plasmid related to the invasion process was first described in S. flexneri strains (6) , and was later found in other serogroups of Shigella, namely S. dysenteriae, S. boydii, as well as enteroinvasive Escherichia coli (7) .
Although genomic analyses have demonstrated that there are no different species among the shighellas (8) (9) (10) (11) , in the present study for consistency we will use the traditional classification scheme for the genus. Differentiation of Shigella isolates is classically based on serotyping and biochemical assays. However, molecular techniques such as multilocus enzy;.me electrophoresis (12) , restriction of amplified O-antigen gene cluster loci (9) , pulsed field gel electrophoresis (PFGE), polymerase chain reaction (PCR) (13, 14) , DNA hybridization (15) (16) (17) , ribotyping (8) , and multilocus enzyme electrophoresis-mdh gene sequencing (18, 19) , or even a combination of these techniques (20, 21) have also been used.
To our knowledge, only two reports regarding the epidemiology of shigellosis in Brazil have been published to date (22, 23) . The first describes the resistance profile of strains, while the second uses plasmid, PFGE, and antibiotic resistance profiles to demonstrate the persistence of certain PFGE patterns in the populations studied, as well as the presence of only three plasmid profiles in the strains. A third study (24) , which does not involve Shigella strains only, has contributed significantly to the epidemiology of this genus because the authors described relationships among strains on the basis of the DNA sequencing of specific chromosomal and plasmid loci.
The present study was carried out to determine the genomic variability of 60 strains of Shigella spp (30 S. flexneri and 30 S. sonnei strains) isolated from different cases in the Southeast region of Brazil and belonging to the bacterial collection of the Adolfo Lutz Institute (the reference Institute in the State of São Paulo). Additionally, the possible origin and transmission of strains among cities located in the metropolitan area of Campinas, State of São Paulo, Brazil, were investigated. A combination of the entero-bacterial repetitive intergenic consensus-PCR (ERIC-PCR) (25) , repetitive extragenic palindromic-PCR (REP-PCR) (25) , and double-repetitive element-PCR (DRE-PCR) (26) techniques was used to characterize the strains. The relationship of these results with antibiotic resistance and plasmid profiles was determined in order to determine the possible origin of the cases.
Material and Methods

Bacterial strains
The 30 S. flexneri and 30 S. sonnei strains analyzed in this study were provided by the Adolfo Lutz Institute, São Paulo, SP, Brazil. All available epidemiological data such as patient age, date and city of isolation are described in Table 1 . Patient ages below 1 year are reported in months.
Determination of antibiotic resistance
Ampicillin, cephalothin, chloramphenicol, streptomycin, trimethoprim-sulfamethoxazole, sulfamethoxazole, and tetracycline were used to determine the resistance of all Shigella strains studied by the diffusion disk method according to the Manual of the Clinical and Laboratory Standards Institute (https:/ /www.anvisa.gov.br/servicosaude/manuais/ clsi.asp).
Extraction of genomic and plasmid DNA
Bacterial genomic DNA was extracted as described by Ausubel et al. (27) . DNA integrity was determined by electrophoresis on 0.7% agarose gel. Plasmid DNA was extracted by the alkaline lysis method and separated by electrophoresis on agarose gels as described by Sambrook et al. (28) .
Polymerase chain reaction
Genomic DNA (20-40 ng), extracted as described by Ausubel et al. (27) and resuspended in sterile deionized water, was used to perform ERIC-PCR (25), REP-PCR (25) , and DRE-PCR (26) . The following primers were used: ERIC-PCR (ERIC-1R 5'ATG TAAGCTCCTGGGGATTCAC3'); (ERIC-2 5'AAGTAAGTGACTGGGGTGAGC G3'); REP-PCR (REP1R 5'IIIICGICGI CATCIGGC3'), (REP2 5'ICGICITATCIG GCCTAC3'); DRE-PCR (PNTB1 5'CCG TTGCCGTACAGCTG3'), (PNTB2 5'CCT AGCCGAACCCTTTG3') (Ris1 5'GGC TGAGGTCTCAGATCAG3'), (Ris2 5'ACC CCATCCTTTCCAAGAAC3') under the PCR conditions described previously (25, 26) . PCR-amplified DNA fragments were separated by electrophoresis on agarose gel as described by Sambrook et al. (28) .
Polymerase chain reaction fingerprint analyses
The PCR fingerprints of amplified DNA fragments obtained by agarose gel electrophoresis were recorded. The presence of a given band was coded as 1, and the absence of a given band was coded as 0 in a data matrix. The matrix was analyzed with the POPGENE software, version 1.31 (29) , which employs the unweighted pair group method using arithmetic averages. Dendrograms of similarity between the isolates of each Shigella species were constructed.
Results
We determined the molecular epidemiology of Shigella spp strains (30 S. flexneri and 30 S. sonnei) isolated from shigellosis cases that occurred in different cities in the metropolitan area of Campinas city, State of São Paulo, Southeast Brazil. Each strain was analyzed using specific primer pairs in three different PCR procedures and antibiotic resistance and plasmid profiles were also determined.
Patient age was known in 29 of the 30 Figure 1 ). Of these, 16.7% were resistant to 3, 20% were resistant to 4, 50% were resistant to 5, and 3.3% were resistant to 6 antimicrobial agents. Only 1 strain (3.3%) was resistant to only one antimicrobial agent and two strains (6.6%) were resistant to two different antimicrobial agents ( Table 1 ). The resistance profiles indicated that most of the strains either isolated in the same city or isolated on close dates exhibited a very similar resistance pattern (Table 1) ; however, there were exceptions, as can be seen for strains Sf3, Sf7,
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Sf10, Sf15, Sf18, Sf20, Sf24, Sf25, and Sf26. Resistance to ampicillin (83.3%), chloramphenicol (70.0%), streptomycin (86.7%), sulfamethoxazole (80.0%), and tetracycline (80.0%) was the most prevalent, whereas resistance to cephalothin (3.3%) and sulfazotrim (10.0%) was the least prevalent ( Table 1 and Figure 1 ). S. sonnei strains presented resistance to either 2 (70.0%) or 3 (30.0%) antimicrobial agents ( Table 1 ). Resistance to sulfamethoxazole and tetracycline was present in 100.0 and 96.7% of the strains, respectively, and resistance to ampicillin (6.7%) and streptomycin (26.7%) was also detected in the strains studied (Table 1, Figure 1 ).
Plasmid analyses showed that S. flexneri and S. sonnei strains harbored high-and/or low-molecular weight plasmids (data not shown). On the basis of the existence and size of these plasmids, the strains of the two species were classified into 11 and 9 groups, respectively, but an association between strains belonging to a specific group and the place of isolation and antimicrobial drug resistance was not evident.
The recording of DNA fragments amplified by the three (ERIC-PCR, DRE-PCR, REP-PCR) techniques (data not shown) permitted the classification of all S. flexneri strains into three main groups (A, B, and C; Figure 2 ). Group A contained 14 strains (Sf1A, Sf1B, Sf2-Sf8, Sf13-Sf15, Sf19, and Sf26). Among these, Sf1A and Sf1B were identical, with partial similarity with Sf5 (approximately 94%); Sf2, Sf6, and Sf7 were identical, with partial similarity (approximately 97%) with Sf8, Sf13-Sf15, and Sf26, which were identical to each another. Strains Sf3 and Sf4 were identical, with a similarity coefficient of approximately 91% with strains from groups containing strains Sf2 and Sf8. Group B contained 9 strains (Sf9, Sf10, Sf12A-Sf12D, Sf16-Sf18). Strains Sf12A-Sf12D were identical and had a similarity coefficient of approximately 89% with strain Sf9. Strains Sf10 and Sf16-Sf18 were identical, with a similarity coefficient of approximately 80% with groups containing strains Sf9 and Sf12. Group C comprised 7 strains (Sf11 and Sf20-Sf25). Strains Sf21-Sf23 and SF25 were identical, with a similarity coefficient of approximately 81% with strains Sf11, SF20, and Sf24, which were identical. Groups A and B had a similarity coefficient of approximately 76% with one another and of 62% with group C. Ss7, and Ss20. Strains Ss1 and Ss3 were identical, with a similarity coefficient of 96% with strains Ss7 and Ss20, which were identical. Group C comprised 5 strains (Ss17, Ss18, and Ss19A-Ss19C). Strains Ss17 and Ss18 were identical, with a similarity coefficient of approximately 92% with strains from group Ss19, which were identical. Groups B and C were more similar to each other (79%) than to group A (77%). S. flexneri strains were isolated in 5 cities in the region of Campinas (Table 1, Figure  4 ): São João da Boa Vista (2), Jundiaí (1), Itapira (4), Campinas (22) , and Mogi Guaçu (1) . The number of strains is given between parentheses. Strains isolated in São João da Boa Vista were identical and were not detected in any other city. Strains isolated in Itapira were also identical and unique. Strain 3, isolated in Jundiaí (1990), was identical to strain 4, which was later (1997) isolated in Campinas. The 22 strains isolated in the city of Campinas could be sub-classified into eight patterns (or types), within the three groups observed (A, B, C) according to the amplified DNA fragments generated by PCR (Figure 2 ). Of these eight patterns, five in- S. sonnei strains were also grouped into three main groups: A, B, and C (Figure 3 ). Group A contained 11 strains (Ss2, Ss4, Ss5, and Ss8-Ss15) and group B contained 14 strains (Ss1, Ss3, Ss6, Ss7, Ss16A-Ss16I, and Ss20). All strains numbered Ss16 were identical, with a similarity coefficient of approximately 85% with strains Ss6, Ss1, Ss3, 
Shigella flexneri
Ss16F
cluded most of the strains. Just one pattern was found for each one of strains 4, 5, and 9. Strain 25, which was isolated in Mogi Guaçu (06/18/01), was identical to strains 21, 22, and 23, which had been earlier isolated in Campinas (Figure 4) .
A similar picture was obtained for S. sonnei, which was isolated in 6 cities in the region of Campinas. Most of the strains (23) were isolated in Campinas (Table 1, Figure  5 ). In Cosmópolis, only 1 strain (9) was isolated, exhibiting a pattern identical to that observed for strains 5 and 8, and 10, 11, and 12, isolated in Campinas in 2000 and 2001, respectively. Strain 1, which was isolated in Mogi Guaçu (1997), displayed a pattern identical to that of strain 3, isolated in Limeira (1998). Strain 2 isolated in Bragança Paulista (1998), also displayed a pattern identical to that of strain 4, later (1999) found in Campinas. Strains 19A, 19B, and 19C, isolated in Vinhedo, were identical to one another, but were different from the strains isolated in the other cities. The 22 strains obtained in Campinas could be classified into seven patterns respectively containing 9 strains (16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H, and 16I), 5 strains (5, 8, 10, 11, and 12), 3 strains (13, 14, and 15), 2 strains (7 and 20), 2 strains (17 and 18), and one strain each, namely 4 and 6.
Discussion
Approximately 1.2 million people live in the city of Campinas, a major industrialized, technological, and educational center in the State of São Paulo, Southeast Brazil. Many other smaller cities are located in the region of Campinas and, although Campinas and these cities are considered to be developed cities with good living standards, a few slums have arisen because of migration from other Brazilian regions, a phenomenon that has worsened over the last decade. Also, many people from other cities commute every day for professional, educational, and leisure purposes. Taken together, these factors should facilitate the spread of infectious diseases, which would be very difficult to detect, eradicate, or control. Therefore, we decided to study all Shigella spp isolates ob- The present study has attempted to determine the genomic profile of these isolates and trace the possible origin of the cases. Since most molecular techniques presently available do not demonstrate a real difference between isolates in a definitive manner, we decided to use a combination of three separate but similar PCR techniques (ERIC-PCR, REP-PCR, DRE-PCR). Also, we associated these data with antibiotic resistance and plasmid profiles to help identify isolates and rule out a possible, but not real, positive identity. We also compared these strains with others previously isolated in Brazil.
In previous studies conducted in the Southeast region of Brazil (30) (31) (32) (33) (34) (35) (36) (37) , it was clearly demonstrated that Shigella infections are an important cause of morbidity and mortality. Fagundes-Neto and de Andrade (32) and Medeiros et al. (35) demonstrated that age can be a risk factor for Shigella infections, with most of the cases occurring among children under 6 and 11 months of age, respectively. In the present study, most of the strains of both S. flexneri and S. sonnei were isolated from patients under 6 years of age, indicating that age could be a risk factor. The isolation data for each strain (Table  1 ) allowed us to observe a possible seasonal bacterial distribution. This characteristic is extremely common in endemic areas (38) since most bacterial strains (70%) were isolated during the warmest months of the year (January, February, March, April, October, November, and December) in Brazil. These data suggest a relationship between environmental conditions and pathogen dissemination.
Also in Brazil, Lima et al. (22) observed that almost 50% of the S. flexneri strains were resistant to ampicillin or trimethoprimsulfamethoxazole, or both. Over 64% were resistant to streptomycin, chloramphenicol, and tetracycline, with 82% of all the strains being resistant to four or more of the antimicrobial agents tested. In a subsequent investigation, Lima et al. (23) studied the molecular epidemiology of the S. flexneri strains and concluded that they displayed only three plasmid profile patterns, and the strains were allocated to six pattern groups as determined by PFGE.
In a more recent paper describing the Brazilian Surveillance Program that used Shigella spp strains isolated by several centers, Oplustil et al. (39) observed that 80% of the strains exhibited a high level of resistance to trimethoprim-sulfamethoxazole. Resistance to ampicillin (33.3%) and chloramphenicol (10.9%) was also found among strains isolated from outpatients. None of the strains were resistant to ceftriaxone.
The pattern of resistance of the strains studied here resembles that reported by Lima et al. (22) , but in our case the strains were also resistant to other antimicrobial agents such as chloramphenicol (70%), streptomycin (86.7%), and tetracycline (80%), indicating that the chromosomal genes encoding ampicillin, chloramphenicol, streptomycin, and tetracycline resistance described by Casalino et al. (40) in Somalian strains could also have been selected in the region of Campinas. In addition, since most of the S. sonnei strains were resistant mainly to sulfamethoxazole and tetracycline, this may indicate that strains harboring specific gene loci were selected.
The determination of the plasmid profiles of all of these strains did not permit us to characterize the strains in a specific manner, although some plasmid patterns could be observed. Since plasmids are genetically mobile elements with a possible horizontal transfer capacity, it would not be surprising to find different plasmid patterns even among chromosomally identical strains. This would cast doubts on our results if we used them for characterization purposes, as was done by Lima et al. (23) . Moreover, since the strains studied were isolated from cases of human infection, the pINV plasmid(s) would be expected to be present in all of the strains studied, tending to homogenize the results. Since plasmid profiling alone is not sufficient to characterize strains as identical or not, we decided to rely only on the results obtained by the PCR-based techniques. Figures 2 and 3 show the genotypic profile as determined by combined analysis with the three PCR techniques used in the present study, and the isolation time of each strain in each city, for S. flexneri and S. sonnei, respectively. These data clearly demonstrate that there was some transmission of strains between cities, as was the case for strains 3 and 4, and 23 and 25 of S. flexneri, transmitted between Jundiaí and Campinas, and between Campinas and Mogi Guaçu, respectively. Transmission between cities was also observed in the case of S. sonnei strains 1 (Mogi Guaçu) and 3 (Limeira), 2 (Bragança Paulista) and 4 (Campinas), strain 9 (Cosmópolis) and others isolated in Campinas (strains 5, 8, 10, 11, and 12) .
Given the possibility that shigellosis manifests in an endemic manner (38) , with cases occurring sporadically mainly in the warmest months of the year, and because most of the cases studied here were caused by very similar or identical strains, we may infer that these strains could survive in the environment either in contaminated water and food or in carriers such as humans and other animals. This hypothesis requires further study to confirm a role for environmental sources of infection.
We can conclude from the data discussed above that transmission of infectious Shigella spp strains occurred among individuals and between cities, with some of the strains being responsible for most of the cases. This evidence requires well-designed interventional strategies to control transmission of infectious diseases, in this case multiple antimicrobial-resistant Shigella strains. This control is more complex when the cases occur in highly populated areas, since there are many other risk-associated factors such as disadvantaged populations without a good standard of public health (treated water supplies, treated sewage, ingestion of inappropriate food) and the added risk factors of a high level of commuting and the presence of infected hosts that could serve as reservoirs of the pathogen.
